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THE recent discovery of a pyruvate reaction in lactate solutions in which avitaminous pigeon's brain has respired in vitro for 2 hours [Peters and Sinclair, 1933] is of interest in relation to the action of vitamin B1, because addition of this reduces the amount of the abnormal substance (for references see Gavrilescu et al. [1932] and Meiklejohn et al. [1932] ). More generally, identification of pyruvate in these circumstances lends support from an unexpected source to the recent conceptions of this substance as a normal intermediary in the metabolism of carbohydrate in the animal (see especially Embden et al. [1933] and Meyerhof and Kiessling [1933] ). Otherwise these views depend entirely upon work with added sulphite or fluoride. There is also involved the even more fundamental problem of synthesis of carbohydrate from lactic acid, since the indication is that vitamin B, is related to the oxidative synthesis of lactate. With this idea in mind, we have devoted attention in the main to phenomena occurring in lactate solutions, as we are more likely so to approximate to conditions favouring the synthesis. The experiments described in this paper have been made with minced brain and in phosphate solutions to facilitate manipulations and to obtain better duplicate control. The conditions are frankly artificial and narrowed for the study of the one point, but it is most unlikely that qualitative errors have been imposed by our conditions. The presence of the substance reacting like pyruvate is equally induced by sections of avitaminous brain and was found by Sinclair (personal communication) Passmore et al., 1933] in differential manometers filled with oxygen: in all cases anhydrous sodium pyrophosphate (brought to PH 7-3 with HCO) was added in a concentration of 0-0094 M per bottle [Peters and Sinclair, 1933] . At the end of the respiration period (usually 2 hours) at 38°to each cooled bottle was added 0-9 ml. of 25 % trichloroacetic acid. After standing 1 hour the contents were filtered and the bottles washed out with 2 ml. of 5 % trichloroacetic acid. The combined filtrates were treated with N NaOH to bring to pH 2-0 and made up with water to a final volume of 15 ml. for each bottle containing originally 3 ml. of Ringer plu8 brain tissue. 5 ml. of this solution were then treated with 0*5 ml. of M NaHSO3 and allowed to stand for 15 min. [Clift and Cook, 1932] . Excess bisulphite was removed with N/10 and then N/100 iodine; 5 ml. of saturated NaHCO3 were added and the liberated bisulphite was titrated with N/100 iodine.
The results are. given in Tables I and I A. Cook [1932] of heating in alkali to remove substances other than pyruvic acid did not prove satisfactory in our hands, and could not be so certain as isolation of the 2: 4-dinitrophenylhydrazone [Case, 1932] .
Case's method involves the following steps: 6. Repeat stage 4, making acid to pE 2-5 approx.
7. As Case. 8. As Case. We found that our extracts did not give good results by Case's method unmodified. Since the pure hydrazone of pyruvic acid was found to be completely extracted by alkaline phosphate we proceeded as in stages 3 and 4, continuing the extraction with alkaline phosphate until fresh extracts were colourless, or showed only a faint brown-yellow colour, due to traces of hydrazine. With this exception other stages were repeated until colourless. The trace of hydrazine carried over into 4 is removed almost completely in 5 and 6. The combined ethyl acetate solutions from 2-3 bottles (equivalent to 200-300mg. tissue) are conveniently made up to 5-6 ml. 1-2 ml. (Ostwald pipette) can be evaporated in a small measuring flask to 0 1 ml., cooled and made up to the mark with the alcoholic potash. Standards containing 0 5 mg. per 1 0 ml. ethyl acetate have been used for comparison (_0-15 mg. pyruvic acid). The 0.1 ml. ethyl acetate left assists solution in the alcoholic potash and minimises the risk of hydrolysing the hydrazone. It appears to have no influence upon the determination provided that the estimation is performed reasonably soon.
The method has the great advantage that heating is always avoided up to stage 6, and if necessary after this by evaporation in vacuo. Hence unstable hydrazones such as that of oxaloacetic acid [Clift and Cook, 1932] should be detected more easily. Stages 2-6 for 4 estimations take approximately 4 hours.
Stage 7 reaches a high accuracy with 0 5 mg. or even less of hydrazone. Stages 2-6 give a good recovery of pyruvic acid 2:4-dinitrophenylhydrazone added at stage 2 to the combined ethyl acetate extracts. Examples are given in Table II . [Meiklejohn, 1933] .
In the experiments recorded in Table IV (A, B) the amounts of pyruvate present in the Ringer-phosphate solution were 5-0 mg. approx. (0-019 M). A point needing discussion arises in connection with some of the data in (c -a,) b°and (c -a2) b°°=disappearance of pyruvic acid per 100 mg. of tissue for P. and P. + V.
respectively.
Unless b1 = b2, it is necessary to know c. In most experiments c is known; in Exps. 563, 566, its value was doubtful owing to changes which pyruvic acid appears to undergo at slightly alkaline reaction. Clift and Cook [1932] heat in alkaline solution to remove bisulphite-binding compounds other than pyruvic acid, and we have found that over-neutralisation with NaOH has little effect upon the pyruvate provided that the solution is dilute. But direct addition of N NaOH to pyruvic acid, a procedure adopted in some experiments to minimise volume, may be attended by 50 % changes in bisulphite-binding power. This was not realised at first.
In Exps. 563 and 565, where low values were obtained for the titration of bisulphite-binding substances, we have substituted for c by use of the equation (c -a,) =k1b. (3) . Other known errors in estimating the final quotient lie in the initial 12 minute period in which pyruvic acid disappears and the oxygen uptake is not estimated. In general this will not be serious, as it affects both P. and P. + V., and the oxygen uptakes differ less at first than afterwards.
The extra amounts of pyruvic acid disappearing are of the same order though larger than those with lactate, though the extra oxygen uptakes are very similar in the two sets of experiments, i.e. the catatorulin effect is not changed by the substrate. Addition of lactate to pyruvate also caused no change in behaviour in Exp. 567. The consistent vitamin effect with pyrophosphate present is in striking contrast to the earlier work of Meiklejohn et al. [1932] , who found in absence of pyrophosphate an abnormally lowered respiration with pyruvate and a most variable vitamin effect. From this it was concluded that pyruvate was not a stage in the oxidation of lactic acid, and that another factor was needed to secure pyruvate oxidation. That the failure to interact was not due to blockage by excess lactate in the avitaminous brains was proved by the use of iodoacetic acid. The lowered respiration has been a constant feature of these experiments, but the consistency of the catatorulin effects indicates that pyrophosphate takes the place of the missing factor.
Pyruvic acid is the first organic substance which has been proved to disappear in vitro as the result of action of vitamin B1, this change accompanying the extra oxygen uptake. Much of the evidence presented up to this point is consistent with the idea that the vitamin acts directly upon the pyruvate. We hesitate to take this at its face value. In spite of the constancy of oxygen uptake, there is not much agreement between the 02/P.A. values. Though the errors involved in the estimation of small differences admittedly reach a high value in Table V , the variations appear to be outside the limits of error. It must be remembered that in the earlier experiments, the vitamin effect failed with pyruvate in tissue which reacted in presence of lactate. Further we have found in a few experiments at PH 6-6 that pyruvate functions in place of pyro-phosphate in inducing good oxygen uptake with vitamin, but the disappearance of pyruvate and hence the ratio is again variable (Table VI) . (Cf. Peters and Sinclair [1933] for behaviour at PH 6 6.) For complete oxidation we should have CH3. CO. COOH + 50 = 3C02 + 2H20, and R.Q. = 1-2. There is therefore evidence that more CO2 is being evolved than is required for complete combustion of the pyruvic acid, which indicates entry of some other substance into the oxidation system.
We have the curious paradox that at PH 7-3 pyrophosphate seems to be needed for pyruvate extra respiration, whereas at PH 6-6 pyrophosphate is required for lactate extra respiration; at this PH however pyruvate will function in place of pyrophosphate in restoring catatorulin effect in the presence of lactate. In this complex effect, there appears to be no co-operation of ox-glycerophosphate [Peters and Sinclair, 1933] , which might have been expected upon the Meyerhof scheme. It is possible that both pyruvate and pyrophosphate are acting as H acceptors at pH 6-6.
The substance formed from pyruvate in the avitaminous brain is not yet known. Since Meiklejohn [1933] showed that there was no change in lactate accompanying the extra 02 uptake, and since there is some variation in the ratio 02/P.A., it seems to be unlikely that lactate is the main substance. In any case, such a conversion involves a reduction.
The simplest explanation of the accumulation of pyruvic acid in the avitaminous tissue and its disappearance in presence of vitamin B1 is that pyruvic acid is a normal intermediary stage in some phase of carbohydrate metabolism. This is in essence the Embden-Meyerhof view. The phenomena embodied in the new anaerobic fermentation schemes evidently take some part in aerobic respiration too; according to Meyerhof and Kiessling [1933] 
